Abstract
Introduction
analyses; however, we extend this genetic approach by shifting the focus from adaptions for survival to 93 include adaptations for reproductive success.
94
In nature, wild cactus mice are subjected to both acute and chronic dehydration, and understanding 95 the reproductive effects of dehydration stress is an initial step for fully characterizing the suite of 96 phenotypes enabling successful reproduction. Given that this species has evolved in southwestern United
97
States deserts, we predicted that neither acute nor chronic water stress, while physiologically demanding, 98 would be associated with reproductive suppression. To test these predictions, we leveraged previous 99 research that characterized the transcriptome of male P. eremicus reproductive tissues from functional and 100 comparative perspectives . We extend upon this work by performing 101 an RNAseq experiment to identify differentially expressed genes in testes between male P. eremicus 102 subjected to acute dehydration versus control (fully hydrated) animals in order to determine the impacts,
103
if any, on male fertility. We pursue this line of research on the effects of dehydration on reproduction in 104 cactus mouse in order to begin to address the need for studies focusing on adaptation related to 105 reproductive success in animals living in extreme, and changing, environments. 
Methods

108
Treatment Groups, Sample Preparation and mRNA Sequencing
109
The cactus mice used for this study include only captive born individuals purchased from the 110 Peromyscus Genetic Stock Center (Columbia, South Carolina). The animals, originally collected from a 111 hot-desert location in Arizona, have been housed for several generations, at the University of New
112
Hampshire in conditions that mimic temperature and humidity levels in southwestern US deserts, as 113 described previously . Males and females are housed together, which 114 provides olfactory cues to support reproductive maturation. Males do not undergo seasonal testicular 115 atrophy, as indicated by successful reproduction throughout the year. The individuals used in this study 116 were deemed reproductively mature once they became scrotal.
117
Males that were provided with water ad libidum had free access to water prior to euthanasia, and 118 these individuals are labeled as WET mice in our analyses. Mice that were water deprived, which we refer 119 to as DRY mice, were weighed and then water deprived for ~72 hours directly prior to euthanasia. All 120 mice were weighed prior to sacrifice, and DRY mice were evaluated for weight loss during dehydration.
121
Individuals in the study were collected between September 2014 -April 2016. 
Assembly of Testes Transcriptome
142
We assembled a testes transcriptome from a single reproductively mature male using the de novo 143 transcriptome protocol described previously (MacManes, 2016). The testes transcripts were assembled 144 with alternative methodologies utilizing several optimization procedures to produce a high-quality 145 transcriptome; however, the permutations of this assembly process are described extensively elsewhere 146 (MacManes, 2016; . The testes transcriptome we selected was 147 constructed as described below. The raw reads were error corrected using Rcorrector version 1.0.1 (Song 148 & Florea, 2015), then subjected to quality trimming (using a threshold of PHRED <2, as per MacManes 149 2014) and adapter removal using Skewer version 0.1.127 (Jiang et al, 2014 we constructed a gene ID to transcript ID mapping file, which was generated by a BLASTn (Altschul et differentially expressed genes, which we identified in Ensembl (ensemble.org).
204
Next, we performed a transcript-level analysis using edgeR. To accomplish this, the Salmon-205 generated count data was imported into R and analyzed as was described above for the gene-level analysis 
213
The third analysis used DESeq2 to conduct an additional gene-level test, using the same methods
214
as described for the previous gene-level analysis, with the exception that data were imported into an 215 alternative software package. We determined the significantly differentially expressed genes (p < 0.05) 216 based on normalized counts and using the Benjamini-Hochburg correction (Benjamini & Hochburg, 1995) 217 for multiple comparisons. We only retained genes with a -1 < log 2 fold change > 1 in order to filter genes 218 at a conservative threshold for differential expression based on our sample size .
219
This filtering was not necessary for either of the edgeR analyses because log 2 fold changes exceeded this 220 threshold for the differentially expressed genes and transcripts (-1.3 < log 2 fold change > 1.4, in all cases).
221
We also compared the log 2 fold change values (of treatment differences by mapped count) for each 
Results
230
Data and Code Availability
231
The testes transcriptome was assembled from a 45.8 million paired read data set. Additionally, the testes un-annotated transcriptome, the dammit annotated transcriptome, and the data generated by the 236 differential gene expression analysis (described below) are available on DropBox
237
(https://www.dropbox.com/sh/ffr9xrmjxj9md1m/AACpxjQNn-Jlf25qNdslfRSCa?dl=0). These files will 238 be posted to Dryad upon manuscript acceptance. All code for these analyses is posted on GitHub
239
(https://github.com/macmanes-lab/testesDGE).
240
Assembly of Testes Transcriptome
241
The performance of multiple transcriptome assemblies was evaluated thoroughly, and the selected 242 optimized testes assembly met high quality and completeness standards, and it also contains relatively few 243 contigs and has high read mapping rates (Table 1) . Therefore, this transcriptome was used for our 244 differential expression analyses. The transcriptome was also annotated, and the complete statistics for this 245 dammit annotation are provided in Table 2 . 246 
Differential Gene and Transcript Expression Analyses
247
Salmon quasimapping rates of all read datasets to the assembly were sufficiently high (range: (Table   253 3).
254
We also performed an alternative transcript-level analysis using the referenced transcriptome 255 mapped reads exclusively with edgeR. The exact test found 66 differentially expressed transcripts ( Figure   256 2), 45 of which were more highly expressed in the WET group, and 21 were more highly expressed in the 257 DRY group (Table 4) . 10 of these differentially expressed transcripts were consistent with differentially 258 expressed genes from the edgeR DGE analysis. In addition, the significantly expressed transcripts without 259 an Ensembl ID match (nine WET and nine DRY) were retrieved for performing an nt all species BLASTn 260 search (http://blast.ncbi.nlm.nih.gov/Blast.cgi), and these results are in the supplementary materials.
261
The gene-level analysis conducted in DESeq2 yielded 215 significantly differentially expressed 262 genes (Figure 3) , 67 of which were more highly expressed in the WET group, while 148 were highly 263 expressed in the DRY group. However, only 20 of these genes remained when we filtered them with a -1 264 < log 2 fold change > 1 to retain genes with a conservative threshold difference between treatment groups.
265
This list of 20 genes yielded 16 genes more highly expressed in WET mice and four genes highly expressed in DRY mice (Table 5) . Nine of these genes overlapped with those found to be significant in 267 the previous two edgeR analyses.
268
To evaluate the correlation of log 2 fold change results for each gene (Ensembl ID) from the two 269 DGE analyses (EdgeR and DESeq2), we performed a regression of these log values, and they were demonstrates the concordance of the DGE analyses in these two software packages.
272
To evaluate the degree to which the three analyses produced concordant results, we generated a 273 list of genes which were found to be significantly differently expressed by treatment across all three 274 analyses (Supplemental 2). There were six genes that were consistently highly-expressed in the WET 275 group and three genes that were highly-expressed in the DRY group. The six highly-expressed WET genes 
283
The significantly differently expressed genes were evaluated for gene function and chromosomal 284 location ( Table 6 ). These genes occur throughout the genome; namely, they are located on different 285 chromosomes. The diverse functions of each gene will be described below. In addition, we generated 
341
The second gene highly expressed in the DRY group is Igfbp3, which modulates the effects of frequency of acute water-stress, which could result in reduced reproductive function for the cactus mouse.
449
In addition, because global climate change is predicted to shift habitats toward extremes in temperature, 450 salinity, and aridity, and to alter species ranges, an enhanced understanding of the reproductive 451 consequences of these changes, and of the potential for organisms to rapidly adapt, may enable us to 452 effectively conserve innumerable species facing dramatic habitat changes. 
453
465
The only exception to this calculation is for complete ORFs, which were calculated as a percentage of 
